Children of mothers who smoked during pregnancy are at significantly greater risk for cognitive impairments including memory deficits, but the mechanisms underlying this effect remain to be understood. In rodent models of smoking during pregnancy, early postnatal nicotine exposure results in impaired longterm hippocampus-dependent memory, functional loss of a2-containing nicotinic acetylcholine receptors (a2 ⁄ nAChRs) in oriens-lacunosum moleculare (OLM) cells, increased CA1 network excitation, and unexpected facilitation of long-term potentiation (LTP) at Schaffer collateral-CA1 synapses. Here we demonstrate that a2 knockout mice show the same pattern of memory impairment as previously observed in wild-type mice exposed to early postnatal nicotine. However, a2 knockout mice and a2 knockout mice exposed to early postnatal nicotine did not share all of the anomalies in hippocampal function observed in wild-type mice treated with nicotine during development. Unlike nicotinetreated wild-type mice, a2 knockout mice and nicotine-exposed a2 knockout mice did not demonstrate increased CA1 network excitation following Schaffer collateral stimulation and facilitated LTP, indicating that the effects are likely adaptive changes caused by activation of a2 ⁄ nAChRs during nicotine exposure and are unlikely related to the associated memory impairment. Thus, the functional loss of a2 ⁄ nAChRs in OLM cells likely plays a critical role in mediating this developmental-nicotine-induced hippocampal memory deficit.
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Introduction
Children of mothers who smoked during pregnancy face a significantly greater risk for numerous health and cognitive problems, including long-lasting learning and memory deficits (Batstra, Hadders-Algra, & Neeleman, 2003; Bruin, Gerstein, & Holloway, 2010; Fried, Watkinson, & Gray, 2003; Thompson, Levitt, & Stanwood, 2009 ). Although cigarette smoke contains more than 8000 chemicals, nicotine is thought to be the leading cause of these impairments (Pauly & Slotkin, 2008) . Indeed, rodent models have shown that early perinatal exposure to nicotine results in persistent deficits in learning and memory, including long-term hippocampus-dependent spatial memory (Ankarberg, Fredriksson, & Eriksson, 2001; Eppolito & Smith, 2006; Nakauchi et al., 2015; Sorenson, Raskin, & Suh, 1991; Vaglenova, Birru, Pandiella, & Breese, 2004; Yanai, Pick, Rogel-Fuchs, & Zahalka, 1992) . However, nicotine's effects on the brain are incredibly complex, and it remains to be understood exactly how transient early life exposure to this drug causes long-lasting cognitive dysfunction.
Nicotine exerts its effects through nicotinic acetylcholine receptors (nAChRs), pentameric assemblies that are either homomers of a7, a8 or a9 subunits, or heteromers of a2-6 and b2-4 subunits. a2-, a3-, a4-, a7-containing nAChRs are expressed in the CA1 region of the hippocampus, an area critical for spatial memory that appears to be particularly sensitive to the effect of nicotine exposure (Kenney & Gould, 2008; Nakauchi et al., 2015) . We have previously shown that nicotine exposure in mice during the first two postnatal weeks -a time of significant hippocampal development roughly equivalent to the third trimester of human pregnancy (Seress, 2007) -causes a persistent impairment to long-term hippocampus-dependent memory (Nakauchi et al., 2015) .
Additionally, in our rodent models we observed several changes to the way in which nAChR activation modulated CA1 activity and LTP (Nakauchi et al., 2015; Chen, Nakauchi, Su, Tanimoto, & Sumikawa, 2016) . In particular, we found that early postnatal nico-
